Introduction/Aims: It is important to reduce psychological stresses for glycemic control in diabetes. We investigated the factors affecting psychological impact, which was involved in the disease conditions in 378 patients with type 2 diabetes mellitus. Materials and Methods: Patients' self-assessed symptoms and four subscales of psychological impacts on diabetes -impact from diabetes (S1), anxiety from having a chronic disease (S2), expectation of worsening conditions (S3) and obstacles to life planning (S4) -were analyzed. Results: Significant odds ratios (ORs) were found for sex and age in S1, age and glycemic control in S2, glycemic control in S3, disease duration and glycemic control in S4, and number of symptoms in S1-S4. Scores of S1 and S2 in women were lower than those in men, and decreased age-dependently. Significant ORs for the number of symptoms in S3 and S4 were greater than in S1 and S2. ORs increased markedly for patients under oral hypoglycemic agent therapy in S4 and insulin therapy in S1-S4 when compared with ORs for lifestyle therapy alone. Conclusions: The psychological impact of type 2 diabetes involved a priori factors dependent on sex and aging in the subscales of current anxieties and impact, and a posteriori factors, such as disease duration, glycemic control and treatment methods, in the subscales of expectation of worsening conditions and obstacles to life planning.
INTRODUCTION
The number of people with diabetes is on the rise worldwide as a result of changing diet and aging 1 . The number of patients surpassed 9.5 million in Japan in 2012 2 . Because more than 40% of dialysis patients suffer from diabetic nephropathy 3 , the prevention of diabetic complications, even more than primary and secondary prevention, is a medical and economic problem that must be dealt with immediately.
In contrast to other chronic diseases, diabetes demands dietary and behavioral changes, and constant self-management of blood glucose levels with medication and by other means, because the disease can result in serious complications, such as retinopathy, nephropathy and neuropathy. This often leads to lowering of patients' quality of life; therefore, in terms of treatment, it is particularly important for patients to maintain good glycemic control by reducing psychological stresses 4 . Although lifestyle therapy through diet, exercise and drug therapy can control a patient's blood glucose levels, it has been the responsibility of healthcare professionals, such as doctors, nurses and dieticians, to provide guidance to patients toward meeting glycemic control targets. A recently proposed concept called patient empowerment 5, 6 presents the idea that having patients with type 2 diabetes set their own glycemic control targets and take responsibility for their own behavior would lead to effec-tive glycemic control. This concept is currently being introduced in Japan.
We developed a simple self-completed questionnaire on empowerment for Japanese type 2 diabetes patients that consisted of scales to measure self-control of diet and exercise, psychological impact of the disease, and family relations, and we investigated its reliability and validity, and analyzed the factors affecting the questionnaire's component scales 7 . The questionnaire's psychological impact of diabetes scale was found to involve the age of the patient, glycated hemoglobin (HbA1c) levels, treatment method and the number of self-reported symptoms. There is a strong possibility that behavioral change and appropriate treatment could alleviate the effect of the three factors other than age. Accordingly, we investigated factors affecting the four subscales of the psychological impact scale (impact from diabetes [S1], anxiety from having a chronic disease [S2], expectation of worsening conditions [S3] and effects on future life planning [S4]) using multivariate analysis.
MATERIALS AND METHODS

Participants
Participants were selected from patients who had been diagnosed with type 2 diabetes more than 6 months before the study and were continuing treatment with oral hypoglycemic agent (OHA) or insulin (or a combination of both) or lifestyle therapy (diet or exercise) while living with a family member not related by blood. Persons with cognitive dysfunction or drug-induced or secondary diabetes were excluded. The study was carried out at six facilities, including a university, key hospitals, medical examination centers, and clinics in Fukuoka and Kumamoto prefectures over a period from 2007 to 2011. A total of 384 questionnaires were collected. After six incomplete questionnaires were excluded, 378 questionnaires were selected for analysis (valid response rate: 98.4%). Table 1 is a summary of the characteristics of the participants: 185 male and 193 female participants. There were no significant sex differences in age, disease duration and HbA1c levels. Approximately 90% of male and 70% of female participants lived with their spouses. With respect to treatment method, approximately 10% were being treated with lifestyle therapy, such as diet and exercise, 50% with OHA only, 30% with insulin only, and 10% with a combination of insulin and OHA, with no significant sex differences.
Self-assessment questionnaire
The self-assessment questionnaire contained questions regarding age, sex, presence of diabetes-related symptoms (numbness, swelling, cold sweat, malaise, reduced visual acuity, decreased appetite, fatigue, dyspnea, insomnia and agitation), HbA1c level, disease duration, treatment method and psychological impact scale consisting of four categories.
The Japanese version of the four-category psychological impact scale was prepared based on the Appraisal of Diabetes Scale developed by Carey et al. 8 with their permission. We had previously tested the reliability and validity of the Appraisal of Diabetes Scale, and reported that the Japanese version of the Appraisal of Diabetes Scale could be divided into three scales of 'sense of self-control,' 'efforts for symptom management' and 'psychological impact of diabetes' 9 . Participants took less than 10 min to complete the questionnaire. Handling of data and analysis method All of the collected questionnaires were identified by ID numbers, and the data contained in them were stored in magnetic media. Only the questionnaires in which all questions were answered were used for the analyses. For the logistic regression analysis, sex was coded as 0 for female and 1 for male. For self-reported symptoms, code 0 was given to No and code 1 to Yes. The HbA1c levels were grouped by either good glycemic control with less than 7.0% (code 0) or poor glycemic control with 7.0% or higher (code 1). Disease duration was coded 0 for less than 10 years and 1 for 10 or more years. ) were significant (P < 0.01) for all models. Correlation coefficients (r) among predictive values were tested, and all the r-values <0.26, showing there was no multicollinearity. Goodness-of-fit was analyzed by Hosmer-Lemeshow statistic, and the P-values were well above 0.05 for all models. Statistical analyses including Student's t-test for the analyses of continuous variables of two groups, v 2 -test for the analyses of categorical data, one-way ANOVA for the analyses of continuous variables of more than three groups, correlation analysis and multiple logistic-regression analysis were carried out on statistical software packages JMP version 10 (SAS Institute Inc., Cary, NC, USA) and SPSS version 21.0 (IBM Corporation, Armonk, NY, USA). Significance was set at P < 0.05.
Ethical considerations
The present study was approved by the Clinical Ethical Review Board of Kurume University School of Medicine. Before investigation, the participants were provided with explanations in person as to the purpose and method of the study, as well as information regarding the handling of the results. The study was carried out on receiving their written consent.
RESULTS
Factors affecting the subscales of the psychological impact of diabetes Multiple logistic regression analysis was carried out using the four subscales of the psychological impact of diabetes scale as dependent variables, and sex, age, disease duration, glycemic control and the number of self-reported symptoms as predictive variables. The results are summarized in Figure 1a . The ORs were significant for sex and age in S1, age and glycemic control in S2, glycemic control in S3, disease duration and glycemic control in S4, and the number of self-reported symptoms in all subscales. In S1, impact decreased significantly among men compared with women, and in S1 and S2, impact and anxiety both decreased significantly for each year increase in age. As the number of self-reported symptoms increased by one in S1 and S2, impact and anxiety increased significantly by 1.23-and 1.32-fold, respectively. In S3 as well as S2, poor glycemic control increased expectation of worsening conditions by 2.53-fold compared with good glycemic control, and as the number of self-reported symptoms increased by one, the expectation of worsening conditions increased by 1.37-fold. In S4, obstacles to life planning increased by 1.93-fold in patients with a disease duration of 10 years or more compared with those with a disease duration of less than 10 years, by 1.57-fold among those having poor glycemic control compared with those with good control, and by 1.31-fold as the number of self-reported symptoms increased by one. Crude ORs that were significant for sex, age, disease duration, glycemic control and number of symptoms all maintained significance after ORs were adjusted, except those for sex in S1 and glycemic control in S2 and S4.
Effects of sex and age on the subscales of psychological impacts of diabetes In order to investigate the effects of sex and age that showed significantly low ORs in S1 and S2, the participants were stratified by age for each sex. The results are summarized in Table 2 . There were three age groups: younger than 60 years, 60-69 years and 70 years or older. Among men and women together (the 'overall' category), scores in S1, S2 and S3 decreased with aging, and showed significant differences in the F-values of ANOVA. There was no significant variation in S4. A comparison by sex shows scores for the age group younger than 60 years being higher among women than men in all subscales. Scores among women in S1, S2 and S3 decreased as their age increased, with considerable decrease after the age of 70 years. Among men, there was no significant age-related change in scores in any of the subscales.
Effects of diabetes-related symptoms on the subscales of psychological impacts of diabetes Next, the relationship between subscales and the presence or absence of 10 diabetes-related symptoms among the number of self-reported symptoms was analyzed using the multiple logistic Factors such as sex, age, disease duration, glycemic control and number of self-reported symptoms, which showed significant crude ORs, also showed high ORs in a range of 2.48-5.64 after adjustment. In S4 in particular, ORs for drug therapy were still four to fivefold higher than for lifestyle therapy even after adjustment, and ORs for insulin therapy and OHA plus insulin therapy were higher than for OHA therapy.
Relationships between treatment method stratified by glycemic control and the scores of subscales, symptoms and other factors Table 4 is a summary of the results of analyses carried out for each treatment method, with the scores in subscales S1 to S4, disease duration (years), number of self-reported symptoms, type of self-reported symptoms, sex, age and body mass index each grouped according to HbA1c level of 7.0% or higher (poor glycemic control) or less than 7.0% (good glycemic control). Scores in S1 and S2 were not significantly different between patients with good or poor glycemic control with any of the treatment methods, but for patients with poor glycemic control, scores in S3 were significantly higher in patients on OHA and insulin therapies, and scores in S4 were significantly higher for patients on insulin therapy, showing the relevance between the psychological impact of diabetes and the effectiveness of drug therapy. For the patients on insulin therapy, however, disease P < 0.001 P < 0.001 P < 0.001 P < 0.05 NS *P < 0.05 vs '<60' group; **P < 0.01 vs '<60' group; ***P < 0.001 vs '<60' group; # P < 0.05 vs '60-69' group. Data were analyzed using one-way analysis of variance (ANOVA) followed by Tukey-Kramer honestly significant difference test as a post-hoc test. P < 0.05 was considered statistically significant. Subscale 1, impact from diabetes; subscale 2, anxiety from having a chronic disease; subscale 3, expectation of worsening conditions; subscale 4, obstacles to life planning. NS, not significant. duration was longer than for those on OHA therapy, and in insulin-treated patients with good glycemic control, the number of self-reported symptoms was significantly higher than in patients with poor control, and a significantly higher percentage of these patients with good glycemic control reported diabetesrelated numbness and insomnia. For the patients on OHA plus insulin therapy, there were no notable differences in scores in S1 to S4 between patients with good glycemic control and those with poor glycemic control, although it is difficult to make a meaningful comparison because of the insufficient number of patients with good glycemic control.
DISCUSSION
Our studies of patients with type 2 diabetes mellitus in the past confirm that the psychological impact of diabetes scale correlates well with HbA1c levels and treatment methods, reflecting anxieties routinely felt by patients 9, 10 . Some questions remain, however, as to what aspects of the patients' everyday anxieties are affected by HbA1c levels and treatment methods, or whether patient empowerment education is sufficient to alleviate the psychological impacts felt by the patients. In the present study, factors affecting the four subscales that make up the impact scale were analyzed by using male and female type 2 diabetes patients and multivariate analysis. Although sex and/or age were identified as factors affecting subscales S1 and S2 (Figure 1a ), women were found to be more strongly affected than men, but the effect decreased as the women aged (Table 2) . With respect to impact from diabetes (S1), for which a sex difference was particularly noticeable, it was suggested that women were particularly sensitive to the psychological impact caused by diabetes, because significance disappeared after adjustments by sex, disease duration, glycemic control and number of (Figure 1a) , and stratification by age showed significance only in women (Table 2 ). In an earlier study that we carried out into perceived stress and coping behaviors in 140 type 2 diabetes patients aged 40 years or older 10 , factor analysis identified clear sex differences in perceived stress and coping among these patients: relative to men, women were always aware of the psychological stress of having diabetes, but their coping was passive, with the 50-69 years age group showing the lowest level of self-awareness, sense of responsibility or self-empowerment relating to diabetes. The sex difference in perceived stress and coping was assumed to be a result of social, innate and situational factors 11, 12 . With respect to the sex differences relating to functional limitations in adult type 2 diabetes patients, Chiu and Wray 13 suggested that women were excellent in self-management of diet and blood glucose, but compared unfavorably with men in terms of exer- Adjusted odds ratios (OR) were adjusted by sex, age, disease duration and glycemic control. Subscale 1, impact from diabetes; subscale 2, anxiety from having a chronic disease; subscale 3, expectation of worsening conditions; subscale 4, obstacles to life planning. CI, confidence interval.
cise behavior, understanding of the importance of glycemic control, self-efficacy, coping, depressive symptoms and family support, to which biological and behavioral factors unique to women were acting directly on these functional constraints. Generally, insulin resistance in diabetes patients increases as they age. An elevated blood glucose level in elderly patients often does not produce symptoms, such as increased urine production, thirst or increased water intake 14 . Consequently, it appears that anxieties and impact of diabetes declined, possibly because of a reduced level of self-recognition of diabetes-related symptoms as a result of aging. However, there were no significant differences in the number of symptoms between men and women (data not shown; v 2 -test, P = 0.4310), nor any differences between ORs and their adjusted ORs for age and number of symptoms. With respect to the relationships between anxiety and sex, women had a higher prevalence of anxiety disorder than men 15 . There are many reports regarding the effect of age on anxiety; however, the results were not consistent among the reports [16] [17] [18] [19] . We could not find any detailed research on the relationship between anxiety or distress level and age/sex The number of symptoms and state of glycemic control were identified as affecting factors in S3, and disease duration, state of glycemic control and the numbers of self-reported symptoms were affecting factors in S4 (Figure 1a) . In S3 and S4, ORs for the number of symptoms were lower than those for glycemic control in S3 and disease duration in S4. As these affecting factors remain significantly high for adjusted ORs, acquired factors relating to diabetes were thought to be strongly involved in the psychological impact in terms of future expectation of worsening conditions (S3) and obstacles to life planning (S4).
We examined 10 diabetes-related symptoms, and found six symptoms with significant ORs in S3 and four in S4, relatively more in number than in S1 and S2, with swelling, cold sweat, malaise, and agitation in S3 and S4 showing significantly high ORs (Table 3) . Adjusted ORs, however, lost significance after adjustments, except for reduced visual acuity and swelling in S3, suggesting the possibility that psychological impact of diabetes as a result of acquired factors can be alleviated with good glycemic management, alleviation of symptoms, or the prevention or delaying of complications with effective treatment.
With the suggestion of the possibility of alleviating psychological impact of 'expectation of worsening conditions (S3)' and 'obstacles to life planning (S4)' by self-management of blood glucose levels and treatment, we analyzed relationships among four types of treatment methods and the four subscales. The results showed that three types of drug therapy had high OR values as compared with lifestyle therapy in S4 'obstacles to life planning.' Adjusted ORs were also significantly high in S4 (Figure 1b) . We compared the scores from patients with poor glycemic control (HbA1c levels of 7.0% or higher) with scores from patients with good glycemic control (HbA1c levels below 7.0%) within each type of therapy, and found significant differences in S3 for OHA therapy, and in S3 and S4 for insulin therapy ( Table 4 ). The patients undergoing OHA or insulin therapies showed significantly lower scores than patients with good glycemic control in S3 and S4, except for S4 of the OHA group, compared with those with poor control, indicating a low impact. However, among patients on insulin therapy, the number of self-reported symptoms had significantly high scores in patients with good glycemic control compared with those with poor control, with a high percentage of participants reporting numbness or insomnia. More patients with long disease duration are receiving insulin therapy. Accordingly, we believe it is possible that the high rate of symptoms, such as numbness or insomnia, was affected by neuropathy, which was already present during a period in which self-management of blood glucose level was inadequate before starting or at an early stage of insulin therapy. This point requires further investigation. It is well known that self-reported symptoms and treatment methods are deeply involved in the QOL of patients with diabetes 4 . There are, however, very few reports of investigations into stress caused to patients by the disease from the point of view of psychological impact. Furthermore, with the exception of drug trials, there are just a few reports of psychological aspects using male and female diabetes patients, such as the present study. Our study made it clear that the psychological impact of type 2 diabetes involves several factors: inherent factors dependent on sex and aging in the psychological impact arising from current anxieties and impact of diabetes; acquired factors, such as disease duration, glycemic control and treatment methods, in psychological impact arising from expectation of worsening conditions and construction of life planning; and, in all subscales, the number of self-reported symptoms. The acquired factors had strong relevance to self-management of blood glucose level and treatment methods. Consequently, the present study suggested that it was possible to alleviate psychological impact by enhancing glycemic self-management through patient empowerment education, improvements in symptoms through appropriate treatment and continuing maintenance of appropriate blood glucose levels. It is difficult, however, for patients with type 2 diabetes, which is a chronic disease, to sustain proper self-management by the selfeffort of patients alone for a long time. It is important to have support from family members close to patients and medical professionals [20] [21] [22] . We previously used the Japanese version of the Diabetes Family Behavior Checklist to carry out a survey of type 2 diabetes patients and their families, and found that there was a large gap between a patient's self-management behavior and the perception of the patient by the patient's family 23 . Furthermore, with reduced visual acuity and swelling, as well as the number of symptoms found to be strongly affecting the expectation of worsening conditions (S3) in the present study, it is possible that these symptoms might heighten anxiety relating to complications.
It has been reported that glycemic control and poor treatment adherence in patients with type 2 diabetes mellitus were associated with depression 24 . With respect to alleviating a patient's anxiety towards worsening conditions, although support by a patient's family is important, it might also be useful for medical professionals to provide accurate medical information on the prevention of complications and symptomatic treatments. Limitations of the present study included its crosssectional design, reliance on self-report information only and the use of a brief scale to examine psychological impact.
In conclusion, the psychological impact of type 2 diabetes involved a priori factors dependent on sex and aging in the subscales of current impact (S1) and anxiety (S2); and a posteriori factors, such as disease duration, glycemic control and treatment methods, in the subscales of expectation of worsening conditions (S3) and obstacles to life planning (S4). The number of self-reported symptoms was an affecting factor in all subscales of the psychological impact scale. The present study suggested that, in addition to patient empowerment education, the understanding of symptoms and complications, and proper treatment as well as a better socially supportive environment were important for the alleviation of psychological impacts.
